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1. A s  p a r t  of the  eva lua t ion  of the  vacuum probe a s  a su r face  sampler f o r  
microbia l  contaminat ion,  t e s t s  were conducted wi th  s e v e r a l  pure b a c t e r i a l  
c u l t u r e s  t o  determine i f  d i f f e r e n c e s  e x i s t e d  i n  t h e , a b i l i t y  of s p e c i f i c  
types t o  withstand impaction and subsequent exposure t o  a i r f l o w  on the  
membrane f i l t e r .  The &est  procedure involved p repa ra t ion  of t h e  inoculum 
by growing each cul tuz.  an Tryp t i case  Soy Agar (TSA) f o r  24 hours ,  har -  
ves t ing ,  washing, i n sona t ing  arid d i l u t i n g  the  suspension i n  s t e r i l e  
buf fered  d i s t i l l e d  water  t o  the  d e s i r e d  concen t r a t ion .  One-ml'portions 
of each suspension were p l a t ed  i n  q u i n t u p l i c a t e  wi th  TSA. Each of  f i f t e e n  
1 - m l  po r t ions  was d i spe r sed  i n  approximately 10 m l  of s t e r i l e  d i s t i l l e d  
water and drawn through membrane f i l t e r s .  Five f i l t e r s  were immediately 
placed on s o l i d i f i e d  TSA. The remaining 10 f i l t e r s  were a i r  d r i ed  f o r  20 
minutes a t  which t i m e  5 f i l t e r s  were placed on TSA and t h e  remaining 5 
were placed i n  ind iv idua l  f i l t e r  ho lde r s  s e t  up i n  a h o r i z o n t a l  laminar  
flow c l e a n  bench. A i r  w a s  drawn through these  f i l t e r s  f o r  10 minutes a t  
a v e l o c i t y  comparable t o  t h a t  i n  the  vacuum probe. A t  t h e  end of  t h i s  
a ' , rf low exposure t h e  f i l t e r s  were placed on TSA and a l l  15 f i l z e r s  ns w e l l  
a s  the  5 pour p l a t e s  were incubated a t  32 C f o r  48 hours.  Colony counts  
were made and t h e  mean va lue  f o r  each type of microorganism was c a l c u l a t e d  
and compared t o  determine the  e f f e c t  of each procedurd on the  b a c t e r i a l  
populat ion.  Table 1 presen t s  these  d a t a  by express ing  the  mean b a c t e r i a l  
count su rv iv ing  each procedure a s  a percentage of t h e  popula t ion  exposed 
t o  t h a t  procedure.  While the  e f f e c t s  of f i l t r a t i o n  and dry ing  on these  
b a c t e r i a l  types  a r e  of i n t e r e s t ,  t he  p o s s i b l e  e f f e c t  of t he  vacuum probe 
on s u r v i v a l  was perhaps b e s t  judged by the  popula t ions  su rv iv ing  exposure 
t o  10 minutes of a i r f l o w ,  s i n c e  microorganisms usua l ly  e n t e r  t he  probe i n  
an a i r - d r i e d  s t a t e .  It was ev iden t  t h a t  g r e a t  v a r i a t i o n s  e x i s t e d  between 
b a c t e r i a l  types i n  the  a b i l i t i e s  t o  surv ive  exposure t o  a i r f l o w  on a 
membrane f i l t e r .  
t i l i s  var ,  n i g e r  exposed t o  a i r f l o w  a f t e r  showing a l a r g e  degree of 
s e n s i t i v i t y  t o  f i l t r a t i o n  and a i r  d ry ing  may have r e s u l t e d  from the  
presence o f  a small  (approximately.  1 - 3%) f r a c t i o n  of  spo res  i n  the 
inoculum. Staphylococcus aureus and Streptococcus faecium showed good 
s u r v i v a l  a f t e r  exposure t o  t h e  a i r f l o w  and the  gram nega t ive  b a c t e r i a ,  
Escher ich ia  c o l i  and Pseudomonas a l c a l i p e n e s ,  were most s e n s i t i v e  t o  
a i r f low.  More ex tens ive  s t u d i e s  which w i l l  inc lude  o t h e r  microorganisms 
and w i l l  more c l o s e l y  s imula te  the  depos i t i on  of organisms as i t  occurs  
i n  the  vacuum probe are planned. 
The 94% s u r v i v a l  by vege ta t ive  c e l l s  of Bac i l lu s  sub- 
2.  Stud ies  on the  e f f e c t s  of subcu l tu re  on the  d r y  h e a t  r e s i s t a n c e s  of 
b a c t e r i a l  spores  a s soc ia t ed  wi th  s p a c e c r a f t  were cont inued.  A s  repor ted  
e a r l i e r  (Report No. 23), D125C va lues  of  c e r t a i n  i s o l a t e s  va r i ed  depend- 
i n g  upon the  s p o r u l a t i o n  medium employed. Accordingly,  a supplemented 
TSA recovery medium was compared t o  the s tandard  recovery medium t o  
observe poss ib l e  d i f f e r e n c e s  i n  D 
s e l e c t e d  spore c rops  exposed t o  d$$'Eeat. 
va lues  and/or  t o t a l  recovery of 
Severa l  i s o l a t e s  from s o i l  and s p a c e c r a f t  have shown su rv ivo r  curves  
wi th  "shoulders" i n d i c a t i n g  t h a t  most of t he  i n i t i a l  spore popula t ion  
requi red  h e a t  a c t i v a t i o n  f o r  maximum gsrminat ion.  During a r o u t i n e  
2 
3 .  
s u r v i v a l  t e s t  of one such spore crop,  the  recovery medium (TSA) was 
supplemented wi th  0.2% yeas t  e x t r a c t  and 0.1% so lub le  s t a r c h  (added be- 
f o r e  au toc lav ing) .  Subsequent colony counts  were higher  and countable  
co lon ie s  appeared e a r l i e r  than usua l .  Fur ther  i n v e s t i g a t i o n  of t h i s  
supplemented medium and i t s  poss ib l e  e f f e c t s  on t o t a l  recovery of h e a t  
i n ju red  spores  and on D-values was ind ica t ed .  Dupl ica te  s t r i p s ,  each 
inocula ted  wi th  0.05 m l  of a n  e thanol  suspension of spores ,  were sus- 
pended i n  a forced a i r  oven a t  125 C i n  the  usua l  manner (Report No. 19) 
a t  each of th ree  time i n t e r v a l s .  S t r i p s  were removed from the oven and 
placed i n  10 m l  of buf fered  d i s t i l l e d  water and insonated f o r  12 minutes 
i n  an  u l t r a s o n i c  ba th .  The r e s u l t i n g  suspension was d i l u t e d  appropr i -  
a t e l y  and placed i n  t r i p l i c a t e  wi th  TSA and supplemented TSA. Mean p l a t e  
counts  of i nd iv idua l  s t r i p s  a t  each time i n t e r v a l  were compared and sub- 
j e c t e d  t o  a t - t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  recovery between the  
two media. Resu l t s  a r e  shown i n  Table 2 .  Of the th ree  spore c rops  
t e s t e d ,  a l l  mean p l a t e  counts  w i th  the supplemented TSA recovery medium 
were higher  than those of t he  unsupplemented TSA. However, h ighes t  i n -  
c r eases  (9:5 - 14.0:l) i n  recovery occurred wi th  the  unheated c o n t r o l s  of 
the two crops of i s o l a t e  G-2. A l l  i nc reases  were s t a t i s t i c a l l y  s i g n i f i -  
c a n t  (p <.01) with  the  except ion  of i s o l a t e  C K - 4  (TAM), Test 2 a t  120 
minutes.  
I n  another  experiment t r i p l i c a t e  s t r i p s  of each spore crop were suspended 
i n  the forced a i r  oven a t  each of s i x  time i n t e r v a l s ,  processed a s  usua l  
(Report No. 19), and were p l a t ed  i n  t r i p l i c a t e  wi th  both TSA and supple- 
mented TSA. Survivor  curves  a r e  shown i n  F igures  1, 2 ,  and 3 .  Even 
though supplemented TSA showed a h igher  degree of recovery than TSA t h e r e  
was no accompanying a l t e r a t i o n  i n  D1 5c va lues .  
was a supe r io r  recovery medium f o r  t he  t h r e e  spore crops t e s t e d  when com- 
pared t o  unsupplemented TSA. Pre l iminary  i n d i c a t i o n s  were t h a t  the 
s t a r c h  and yeas t  e x t r a c t  of the supplemented medium might have played a 
r o l e  i n  s a t i s f y i n g  a p o r t i o n  of t he  "heat a c t i v a t i o n  requirement" of each 
unheated c o n t r o l  suspension.  However, s i n c e  "shoulders" a l s o  were p re sen t  
i n  the  i n i t i a l  po r t ions  of su rv ivo r  curves  obta ined  wi th  supplemented TSA, 
i t  appeared t h a t  a t  l eas t  two f a c t o r s  were r e spons ib l e  f o r  the d i f f e r e n c e s  
i n  recovery.  
vat ion" of spores  f o r  maximum germinat ion.  This  was most n o t i c e a b l e  i n  
the  unheated c o n t r o l  suspensions.  The second f a c t o r  appeared t o  be a 
n u t r i t i o n a l  requirement which was r e spons ib l e  f o r  the  d i f f e r e n c e s  i n  re- 
covery i n  the  middle and te rmina l  po r t ions  of the  su rv ivo r  curves .  
It was concluded from 
these  da t a  t h a t  TSA supplemented w i t  2 y e a s t  e x t r a c t  and s o l u b l e  s t a r c h  
The primary one seemed t o  be a requirement  f o r  "heat  a c t i -  
A method t o  o b t a i n  n a t u r a l l y  occur r ing  spore popula t ions  i n  q u a n t i t y  
from f l i g h t  s p a c e c r a f t  environments was devised employing the  vacuum 
probe (Report Nos. 21, 22,  and 23) .  Previous a t tempts  t o  o b t a i n  these  
popula t ions  by the  e t h a n o l - s o i l  suspension method (Report N o .  19) us ing  
d u s t  from a gene ra l  maintenance vacuum c l e a n e r  i n  the  MSOB were unsuccess- 
f u l  because v i a b l e  spore counts  of t he  r e s u l t a n t  suspensions were ' t oo  
low, even a f t e r '  concen t r a t ion ,  f o r  v a i i d  h e a t  surv ivor  t e s t s .  P r e f i l t e r s  
on two laminar flow c l ean  benches a t  the  Phoenix Labora to r i e s  were 
vacuumed wi th  a s i n g l e  probe. 
i n  400 ml of  95% ethanoit, i n  a 500 ml beaker and insonated i n  a n  
The mass of d u s t  c o l l e c t e d  was suspended 
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u l t r a s o n i c  ba th  f o r  30 minutes t o  break up c lumps  o f  d u s t  and spores .  
The r e s u l t i n g  suspension w a s  f i l t e r e d  through a s t e r i l e  l i n e n  towel t o  
remove l a r g e r  p a r t i c l e s ,  cen t r i fuged ,  and resuspended i n  40 m l  o f  95% 
e thano l .  Subsequent v i a b l e  counts  showed 3.2 x lo5  spores/ml.  Pre l imi-  
nary  tests ind ica t ed  t h a t  dry  h e a t  surv ivor  curves  of t h i s  suspension 
were d iphas ic .  During the  next  q u a r t e r ,  dry h e a t  su rv ivo r  t e s t s  w i l l  be 
performed us ing  n a t u r a l l y  occurr ing  spore popula t ions  obta ined  i n  the 
above manner from f i l t e r s  i n  s p a c e c r a f t  environments a t  Cape Kennedy. 
Spore i s o l a t e s  obtained frbm n a t u r a l l y  occur r ing  spore populat ions ex- 
h i b i t i n g  r e l a t i v e l y  high degrees  of h e a t  r e s i s t a n c e  w i l l  be s tdd ied  i n  
an a t  tempt t o  determine the maximum D 
which would be p o t e n t i a l  contaminants on s p a c e c r a f t .  I n  a d d i t i o n ,  
e f f o r t s  w i l l  be made t o  o b t a i n  a frequency d i s t r i b u t i o n  of D 1 2 5 ~  va lues  
of spores  i s o l a t e d  d i r e c t l y  from s p a c e c r a f t  i n  res idence  a t  Cape Kennedy. 
va lues  of b a c t e r i a l  spores  1256 
4 .  A t  the  r eques t  of t he  P lane ta ry  Quarantine O f f i c e r ,  NASA, e f f o r t s  a r e  
being made t o  produce a s tandard  spore crop of  g. s u b t i l i s  var .  n i g e r  
which w i l l  be made a v a i l a b l e  t o  i n v e s t i g a t o r s  doing r e sea rch  on dry 
hea t  and recovery.  Since a r e l a t i v e l y  l a r g e  mass w i l l  be needed a l i q u i d  
spo ru la t ion  medium was considered necessary.  A .  I r o n s  (personal  communi- 
ca t ion )  found t h a t  a l i q u i d  medium descr ibed by L a z z a r i n i  and Santangelo 
Q. Bac te r io l .  94:125-130) was t h e  b e s t  among s e v e r a l  t e s t e d  f o r  optimum 
sporu la t ion  of 3.  s u b t i l i s  var .  n i g e r .  Pre l iminary  t e s t s  i n  t h i s  labora-  
t o ry  have confirmed t h i s  obse rva t ion  and the  medium w i l l  be used t o  pro- 
duce the  s tandard  spore crop. D e t a i l s  of t h i s  technique w i l l  be descr ibed  
i n  the  next  r e p o r t .  
5. The Apollo 7 (CSM-101) and 8 (CSM-103) s p a c e c r a f t  were sampled f o r  micro- 
b i a l  contaminat ion while  a t  t h e  Manned Spacecraf t  Operat ions Building 
(MSOB) and a t  Launch Complex 34 (Apollo 7) and Complex 39A (Apollo 8) .  
The l e v e l s  of microbia l  contaminat ion p resen t  on both command modules 
(C/M) a r e  presented i n  Table 3. There were approximately t en  t imes a s  
many ae rob ic  spores  on the  Apollo 7 C / M  i n  the  MSOB than  a t  Launch Corn- 
plex 34, while  the  l e v e l  of ae rob ic  mesophi l ic  microorganisms remained 
e s s m t i a l l y  the  same. 
b a s i c a l l y  the same throughout the  s tudy  per iod except  f o r  t he  l a s t  s a m -  
p l ing ,  7 days p r i o r  t o  launch,  when the  USPHS man was n o t  allowed i n s i d e  
of the C/M and t h e  swab samples were taken by non-b io logica l ly  t r a ined  
personnel .  A seven-fold inc rease  i n  contamination was observed a t  t h i s  
time, bu t  no d e f i n i t e  conclusion could be made because of good poss i -  
b i l i t y  of a technique induced a r t i f a c t .  These r e s u l t s  c l e a r l y  show the  
need f o r  samples t o  be taken by mic rob io log ica l ly  t r a i n e d  and q u a l i f i e d  
personnel  i f  c o n s i s t e n t  and r e l i a b l e  r e s u l t s  are  d e s i r e d .  
Contamination l e v e l s  f o r  the  Apollo 8 C/M remained 
Because of t he  h igh  p r o b a b i l i t y  of l una r  i m p a c t ,  t h e  l e v e l  of  microbia l  
contaminat ion on the  Instrument  Uni t  (TU) and t h e  Sa tu rn  S-4B engine 
(Table 4) was determined a t  F-14 and F-7 days (14 and 7 days p r i o r  t o  
launch) .  S tud ie s  were i n i t i a t e d  on the  C / M  (CSM-104) of t h e  Apollo 9 
s p a c e c r a f t  (Table 5).  An i n c r e a s e  i n  su r face  contaminat ion occurred 
dur ing  i t s  s t a y  i n  the  Vehicle Assembly Building.  This  was the  f i r s t  
oppor tuni ty  i n  which a n  Apollo s p a c e c r a f t  could be s tud ied  i n  a l l  of  t h e  
in t r amura l  environments t o  which i s  was exposed du r ing  assembly and 
t e s t i n g ;  i .e., t h e  Mann2d Spacec ra f t  Operat ions Building (MSOB) , the 
4 
Vehicle  Assembly Bullding (VAB) and Launch Complex 39A. The Apollo 7 
s p a c e c r a f t  d id  n o t  go t o  the  VAB and Apollo 8 was moved t o  t h e  VAB, bu t  
d id  n o t  remain i n  t h a t  environment long enough t o  be examined. 
S tud ie s  were continued on the  Lunar Module 3 (LM-3) and i n i t i a t e d  on the  
Lunar Module 4 (LM-4). The l e v e l s  o f  microbia l  Contamination i n  t h e  
i n t e r i o r  of t he  LM-3 remained r e l a t i v e l y  s t a b l e  dur ing  the  sampling per iod .  
A decrease i n  counts  was noted on 11/29/68, f i v e  days a f t e r  t he  LM-3 was 
enclosed i n  the  Spacec ra f t  Lunar Module Adapter (SLA) (Table 6 ) .  The 
contamination l e v e l  on the  e x t e r i o r  s u r f a c e s  of t he  LM-3 a scen t  s t a g e  re- 
mained f a i r l y  cons t an t .  The descen t  s t a g e  showed some v a r i a t i o n  i n  the  
contamination l e v e l s  a t  d i f f e r e n t  sampling per iods .  Both a s c e n t  and 
descent  s t a g e s  showed inc reases  i n  the  ae rob ic  spore  l e v e l  a f t e r  being 
enclosed i n  the  S U  f o r  f i v e  days (Table 7 ) .  
The number and percentage of molds de tec ted  on the  i n t e r i o r  s u r f a c e s  of 
the command modules, CSM-101, CSM-103 and CSM-104, a r e  shown i n  Table 8. 
The l e v e l  of mold contaminat ion on the th ree  command modules was r e l a t i v e - - .  
l y  low. 
su r faces  of t he  LM-3 (Table 9 ) ,  where the  i n t e r i o r  su r faces  of the  a scen t  
s t age  contained lower l e v e l s  than  those found on the  e x t e r i o r  su r faces  of  
the a s c e n t  and descent  s t ages .  These r e s u l t s  may have been due t o  the  
use of f i l t e r e d  a i r ,  and the employment of  c l ean  room procedures i n . t h e  
LM-3 cabin .  
S imi l a r  r e s u l t s  were obtained from the  i n t e r i o r  and e x t e r i o r  
The types of a e r o b i c  mesophi l ic  microorganisms i s o l a t e d  from the  command 
modules of  Apollo 7 (CSM-101) and 8 (CSM-103) and t h e  Lunar Module 3 a r e  
shown i n  Tabies  10 and 11. Most of t he  contaminants were Staphylococcus 
s p p .  and Micrococcus spp .  (ca. 87%). Aerobic sporeformers (Bac i l lu s  
spp . )  accounted f o r  3 - 6% of the  populat ion.  
S tud ie s  were i n i t i a t e d  on the Apollo 10 spacec ra f t .  This  i nc ludes  t h e  
command module (CSM-106) and t h e  Lunar Module 4 (LM-4). The f i e l d  
eva lua t ion  of  t he  Sandia vacuum probe i s  being continued. The USPHS 
Mobile Laboratory has  been given, on loan ,  t o  the  Jet Propuls ion  Labora- 
t o r y  personnel  f o r  conductiiig t h e i r  microbio logica l  s t u d i e s  of t h e  
Mariner 69 spacec ra f t .  
The s tudy  t o  determine i f  extended incuba t ion  would i n c r e a s e  t h e  recovery 
~ of molds from the s u r f a c e s  of  space hardware (Report No. 23) has  been 
completed. Swab samples taken from var ious  Apollo s p a c e c r a f t  were 
assayed according t o  NASA Standard Procedures f o r  the  Microbio logica l  
Assay o f  Space Hardware, and incubated a t  32 C €or 21 days. Colony 
counts  on TSA were performed a t  3 ,  7, 14  and .21  days.  The r e s u l t s  are 
shown on Table 12. From a t o t a l  of 362 c u l t u r e  plates ,  s e l e c t e d  from 
12 sampling per iods ,  o n l y  6 p l a t e s  showed an  i n c r e a s e ' i n  mold co lonies .  
This  i nc rease  was only  one mold colony i n  each of t he  6 c u l t u r e  plates .  
These r e s u l t s  i n d i c a t e  t h a t  t h e r e  was no s i g n i f i c a n t  i n c r e a s e  i n  t h e  
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TABLE 1. SURVIVAL OF VARIOUS TYPES OF BACTERIAL POPULATIONS EXPOSED 
TO FILTRATION, DRYING AND AIR1:LOW. 
Organism 
No. of % su rv iv ing  % su rv iv ing  % su rv iv ing  
t e s t s  f i l t r a t i o n  dry ing  a i r f l o w  
B a c i l l u s  s u b t i l i s  var .  n i g e r  
(vege ta t ive  c e l l s )  2 10 50 94 
Staphylococcus aureus 2 93 -94 84 
E s c h e r  i ch i a  c o 1 i 1 41 56 0 
Strep tococcus  faecium 1 i o 0  94 ‘io0 
Pseudomonas a l c a l i g e n e s  1 76 30 0 
TABLE 2. COMPARATIVE RECOVERY OF SPORES BY TSA AM) TSA SUPPLEMENTED 
WITH 0.2% YEAST EXTRACT AND 0.1% SOLUBLE STARCH. 
Min. of 
Exposure R a t i o  of colony counts .  Supplemented TSA:TSA 





















3 . 2 ~ 1  
3.3:1 
2 . 8 ~ 1  
2.8:l 









'Sporulated on AK Medium #2 (BBL) supplemented wi th  80 ppm calcium 
2Sporulated on TAM Sporu la t ion  Agar (Difco) supplemented w i t h  80 ppm 
calcium c h l o r i d e  and 20 ppm magnesium s u l f a t e .  
3With t h e  except ion  df t h i s  . r e s u l t  a l l  d i f f e r e n c e s  were s t a t i s t i c a l l y  
ehloxlde and 2Q ppn ma raetoium mJIfate, 
s i g n i f i c a n t ;  P .Ole 
TABLE 3. MICROBIAL CONTAMINATION DETECTED ON APOLLO COMMAND MODULES 
7 (CSM-101) AND 8 (CSM-103). 
Microorganisms Per  Square Foot 1 
Source Sampled (Sq. In.)  Aerobes Anaerobes Spores Spores 
Aerobic Anaerobic Date Area Sampled 
2 





Command Module 8-23-682 
(CSM- 10 3) 9-06-682 
9- 18-682 
10-02-684 
10 - 16-684 
11- 05- 684 











































































2Samples taken from i n t e r i o r  su r faces  while loca ted  i n  the  Manned 
Spacecraf t  Operations Building (MSOB). 
3Samples taken from i n t e r i o r  su r faces  while loca ted  a t  Launch Complex 34. 
'Samples taken from i n t e r i o r  su r faces  while loca ted  a t  Launch Complex 39A. 
'Final samples taken by engineer ing technic ians  a t  Launch Complex 39A, 
seven days p r i o r  t o  launch. 
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TABLE 5 .  MICROBIAL CONTAMINATION DETECTED ON THE APOLLO 9 COMMAND 
MODULE (CSM- 104)  . 
Microorganisms Per  Square Foot 
1 
Source Sampled (Sq. In . )  Aerobes Anaerobes Spores Spores 
Aerobic.Anaerobic Date Area Sampled 
Command Module 10-29-68' 108  12,053 3,845 158 43 
12-19- 683 56 52,949 19,872 115 0 
(CSM- 104)  11- 14- 68' 1 0 4  18,086 5,484 27 14 
11- 26- 68' 120 11 ;865  7,747 24  30 
'Swab - r i n s e  technique. 
'Samples taken from the  i n t e r i o r  of Command Module while loca ted  i n  the 
Manned Spacecraf t  Operat ions Building (MSOB). 
3Samples taken from the  i n t e r i o r  of Command Module.while loca ted  i n  t h e  j 
Vehicle Assembly Building (VAB) . 
TABLE 6. MICROBIAL CONTAMINATION DETECTED ON THE INTERIOR SURFACES OF 
THE LUNAR MODULE 3 (LM-3) AND LUNAR MODULE 4 (LM-4). 
Microorganisms 
Pe r  Sq. F t .  
Date Area Sampled’ Aerobic Percent’ 
Source Samp 1 ed (Sq. In . )  Aerobes Spores Spores  
Lunar Module 3 9-13-683 92 82,987 157 0.2 
9- 24-683 92 54,187 94 0.2 
10-10-683 100 57,744 151 0.3 
11-29-684 112 17,654 86 0’. 49 
12-20-68’ 116 61,603 173 0.28 
Lunar Module 4 10-22-6a3 104 29,246 144 0.5 
11-15-683 100 41,674 172 0.41 
‘Swab - r i n s e  technique.  
2Percentage of t o t a l  ae rob ic  mesophi l ic  microorganisms. 
3Samples taken whi le  Lunar Module was loca ted  i n  t h e  Manned Spacecraf t  
4Samples taken f i v e  days a f t e r  LM-3 was placed i n  the  Spacecraf t  Lunar 
’Samples taken whi le  LM-3 was loca ted  i n  t h e  Vehicle  Assembly Bui ld ing  
Operat ions Bui ld ing  (MSOB) . 
Module Adapter (SLA) . 
(VAB) . 
TABLE 7. LEVELS OF MICROBIAL CONTAMIEATION DETECTED ON T I E  EXTERIOR SURFACES 
OF TEE LUX4R MODULE 3 (LM-3) AND LUNAR MODULE 4 (LM-4) ASCENT AND 
DESCENT STAGES 
Microorganisms 
Pe r  Sq. F t .  
1 Aerobic Pe rcen t  2 Date Area Samp:. L 
Source Samp 1 ed (Sq. In.) Aerobic S p c r  3 Spores 
Lunar Module 3 
Ascent Stage 
Lunar Module 3 
Descent S t age 
Lunar Module 4 
Ascent Stage 
Lunar Module 4 
Descent Stage 
3 




























































'Swab-rinse technique.  
2Percentage of t o t a l  ae rob ic  mesophi l ic  microorganisms. 
3Samples talccn while  Lunar Module was loca ted  i n  the  Manned Spacecraf t  
Operat ions Building (MSOB) . 
'Samples taken f i v e  days a f t e r  LM-3 was placed i n  the  Spacec ra f t  Lunar 
Module Adapter (SLA) . 
5Sampies taken whi le  LM-3 was loca ted  i n  the  Vehicle  Assembly Building 
(VAB) . 
TABLE 8. NOLD CONIAMINATION DETECTED ON SURFACES 012 THE APOLLO COMMllhQ 
MODULES 7 (CSM-101), 8 (CSM-103) AND 9 (CSM-104). 
2 Sample D a t e  Area Sampled Number Per Source Number S amp 1 e d (Sq. In.) sq. In. Percent 
A p o l l o  7 1 













A p o l l o  9 1 












































































2Percentage of total aerobic mesophilic microorganisms. 
TABLE 9. MOLD COKTAMINATION DETECTED ON SURFACES OF T€E APOLLO LUNAR 
3fODULE 3 (LM-3) . 
2 Sample Date Area Sampled’ Number Pe r  Source Nun? b e r Sampled (Sq. In.) Sq. In .  Percent  
Ascent Stage E 




Ascent Stage E 





































































Swab- r i n s e  technique E 
21?ercentage of t o t a l  ae rob ic  mesophi l ic  microorganisms. 
TABLE 10. TYPES OF AEIC03IC MESOPZ-IIL-,C MTCROORGANISMS ISOLATED FROX TF& 
APOLLO COWIAND MODULES 7 (CSM-101) AND 8 (CSM-103). 
( I n t e r i o r )  ( fnt c r i or) T O t Z I l  
M i  c r o o r g an i s m s No % No. % N O .  x 
s tapr,ylococcLls 230 38.3 155 33-3 385 36.2 
e p i d  e rmid i s 
S t a p h y 1 o co c c u s  
2 L l r  c 11 s 
Corvncbacteri mi 
-, i;.?- ~ ~ ~ i b a c  n tci-itm 
Group 
Miscei lbsecus G r a m  
negL: i ve  r o d s  
B a c i l l u s  s p p  
Molds 
Sarci  LIZ ;pp. 




8 1.3 3 0,G 11 1.0 
283 47.2 
14 2.3 
3 0 "5  
33 5.5 



























TABLE 11. TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED FROM THE 
APOLLO LUNAR MODULE 3 (LM-3). 
LM-3 .. LM- 3 LM- 3 
(Ascent) (Descent) (Ascent) 
( I n t e r i o r )  (Exter ior )  (Exter ior )  ?Gba1 
Microorganisms No. % No. x g o  ' 2l >:G. 
S taphvlococcus 
ep idermidis  
S t a p hv 1 OC G C CIJ S 
a 'ur e u s 
Micrococcus s p p .  
C o ryn  e ba c t e r i UCI 
Brevi ba c te r ium 
Group 
Miscellaneous G r a m  
nega t ive  rods  
Bac i l lu s  s p p .  
Molds 
Sarc ina  s p p .  











1 5  
0 






























7 3 1  
17 .5  








0 . 1  
1.6 
0 . 1  
100.0 




















































TABLE 12. EFFECT OF EXTENDED INCUBATION ON RECOVERY OF MOLDS FROM 
SURFACES OF SPACE E-IARDWARE. 
No. o f  Mold Colonies Per P l a t e  after Incubat ion  a t  32 C 
Number of No. of Days No. of  Days No. of Days No. o f  Days 
Cu l tu re  P l a t e s  3 7 14 2 1  
288 
36 



















































. 8  
12 
1 6  
Inc rease  i n  Colony Count 
